Abstract: Over the past 40 years, the prevalence of obesity has more than doubled in the United States. Approximately 67% of American adults older than 20 years of age are either obese or overweight. Obesity has now become a critically important issue facing more than 40% of Americans and has become a major burden on the American health care system. Today, obesity cannot be considered a simple lifestyle issue; it is a disease with major public health and economic consequences that requires serious attention by all stakeholders. Each individual has different causes and risk factors that lead to obesity and its associated complications. In addition to preventing becoming overweight, focusing on identifying the causes of obesity and then individualizing care and treatment plans to targeting weight loss, particularly intra-abdominal fat, could potentially generate huge cost savings. Excess intra-abdominal fat (visceral adiposity) is linked to excess morbidity and mortality, and positively correlates with the risks of insulin resistance, type 2 diabetes, cardiovascular diseases, certain cancers, and premature death. Therefore, overweight and obese patients should be offered healthy lifestyle changes including education about causes leading to excess weight, weight-reducing diets, physical activity regimens, and monitoring for progress. Medications and bariatric surgery are effective but are the last options and should be complementary to lifestyle and behavioral changes. The costs associated with managing obesity-related disorders and their complications are astounding; unless we intervene now, these are likely to triple over the next 2 decades. Thus, policymakers must pay serious attention to this progressive, insidious epidemic and determine the right paths for tackling obesity, which requires a paradigm shift in thinking and combined approaches. The increasing prevalence of obesity is a major health hazard in all health sectors, in both low and high income societies and countries. Thus, comprehensive programs are needed to minimize the effects of the epidemic.
Introduction
The current epidemic of obesity and type 2 diabetes (T2D) suggests that new nutritional and physical strategies are needed. Considering the staggering costs associated with the management of obesity and its complications, continuing with the current standard approach is not a fruitful option for the future. Before the Framingham Heart Study began in 1948, little was known about the epidemiology of cardiovascular diseases. 1 Until the late 1970s, obesity was not even considered a key risk factor for cardiovascular diseases. 2 In the late 1980s, the American Heart Association suggested that there is evidence that obesity is a risk factor for cardiovascular disease, but the evidence is insufficient, and more research is needed. Nevertheless, over the past 2 decades, a vast amount of knowledge has been accumulated, assisting in our understanding of the physical, social, emotional, and financial impact associated with being overweight and obese. [3] [4] [5] [6] By the law of conservation of energy, body fat increases when energy intake is consistently greater than energy expenditure, but genetics also plays an important role in weight gain. For most people who are overweight or obese, losing weight is difficult. Genetically based constructs, such as race and ethnicity are major influences, not only on biological distinctions and disease outcomes, but also on the prevalence of obesity and its complications. [7] [8] [9] Changing environmental factors constantly interact and influence these constructs. For the majority of patients, behaviors are the key reason for the excessive accumulation of body fat. Therefore, healthy lifestyle choices are one of the best options by which to prevent obesity, reduce excessive body weight after it has developed, and to maintain body weight at a healthy level. 10 
Epidemiology of obesity
Over the past 4 decades, the incidence of obesity has continued to increase across the United States and worldwide. [11] [12] [13] At the current rate of increase and the sheer number of people affected with obesity, deaths due to complications associated with obesity are likely to surpass deaths attributable to cardiovascular diseases (CVD) within the next 2 decades. These obesity-associated comorbidities include insulin resistance, metabolic syndrome, T2D, strokes, dyslipidemia, hypertension, coronary artery disease, certain cancers, chronic kidney disease, osteoarthritis, sleep apnea, and premature death. However, many Americans do not seem to grasp the seriousness of this epidemic and its longterm consequences.
14 Historically, the term "pandemic" was used to describe out-of-control, serious infections that kill millions. Nevertheless, unless serious, effective and and sustainable public health measures are taken, obesity associated complications and deaths will become a pandemic issue. In fact, they are likely to become the number one killer in both eastern and western countries.
The United States Department of Health Statistics published a report on the prevalence of adult obesity in Canada and the US. 15 The US systematically collected anthropometric and other statistical data, starting in the 1960s, via the National Health and Nutrition Examination Survey, but Canada has only had such a mechanism since 2007 when it began to use the Canadian Health Measures Survey. 16 This data demonstrated that, between 2007 and 2009, the prevalence of obesity in Canada was 24.1%, whereas in the US it was approximately 34.4%. 17 Although there are baseline differences in the prevalence of obesity in the US and Canada, the increases in prevalence over time appears similar, which suggests that similar causes contribute to the obesity epidemic in North America. According to the 2009 Center for Disease Control disease prevalence data, Department of Health and Human Services, Office of Minority Health, 18 African Americans are 1.5 times more likely to be obese than non-Hispanic whites, while Native Americans and American Indians/Alaskan Natives are 1.6 times more likely to be obese than non-Hispanic whites. 18 The higher the body mass index (BMI), the greater the likelihood of associated comorbidities. T2D is perhaps the most serious because it leads to multiple serious complications, including premature death. According to the Nurses' Health Study data, the risk of diabetes is 50-to 60-fold higher when BMI is greater than 35 kg/m. 2, 19 From a nonfinancial perspec tive, BMI negatively correlates with quality of life 20 positively with and mortality. 21, 22 The number of problems associated with being overweight is numerous, but the most serious comorbidities are metabolic syndrome, hypertension, dyslipidemia (high quantities of triglycerides, and low-density lipoprotein [LDL] ) and lower amounts of highdensity lipoprotein [HDL], T2D, cardiovascular disease, stroke, myocardial infarction, peripheral vascular disease, cancer, and sleep apnea.
Visceral adiposity correlates with the risk of development and the severity of T2D, insulin resistance, and CVD. [23] [24] [25] Obese individuals with excess deposition of intra-abdominal (visceral) fat and dyslipidemia are the ones with the greatest risk of developing CVD. 26 In addition to the medical and personal costs, the opportunity costs due to loss of productivity and costs secondary to obe sity are considerable. Accurate direct financial estimates of managing obesity are difficult to determine, but a decade ago researchers reported direct medical costs of managing diabetes to be approximately US$92 billion in the US. [27] [28] [29] Taking into account the escalating incidence of obesity and T2D along with the costs of new technology and treatments, this figure has likely more than doubled by 2013.
was incurred by the US government through Medicare or Medicaid benefits. 30 Estimates of such costs have escalated to more than US$180 billion a year over the last decade. 31, 32 Studies have reported that the combined use of BMI and waist circumference (WC) is not better than using the latter alone in identification of high-risk persons, because in part the BMI does not capture visceral fat. [33] [34] [35] [36] Meanwhile, interventions that achieve a sustainable weight loss in the range of 7% to 10% of initial body weight are known to cause significant reduction in the cardiometabolic risks and obesity-associated conditions, including T2D, hyperlipidemia, and hypertension, and hard outcomes such as stroke, myocardial infarction, and death. 22, 32 Thus, lowering excess weight in obese patients has major beneficial outcomes, including improving quality of life and cost reductions. In this regard, nonrandomized studies of obese patients treated with fenfluramine/mazindol, fenfluramine/phentermine, caffeine/ephedrine, or mazindol for weight loss reported that the pharmaceutical cost savings arising from a reduced need for medications to treat diabetes, dyslipidemia, and hypertension because of weight loss more than offset the cost of the weight-loss medications. 37 The escalating incidence of obesity was first noted about 4 decades ago. At first, obesity was recognized as a symptom that occurs as a result of accumulation of excess intake of energy as fat, but not as a disease. This view has changed, and most scientific organizations worldwide now identify obesity as a specific disease entity. 38, 39 Like other metabolic disorders, obesity consists of various pathological, inflammatory, and endocrine entities (excess production of inflammatory adipocyte hormones and cytokines) and a pathophysiology (lifestyle and an environmentally inducible dysregulation of appetite and bodyweight controlling mechanisms). 40 Therefore, to tackle obesity properly in a cost effective manner, it is essential to accept obesity as a disease. Doing so would also minimize the stigma associated with the condition and allow wider acceptance of public preventative efforts, incorporation of nutrition and physical activity into school curricula, portion control especially of fried and sugary foods and drinks, improved access to sustainable behavioral changes and treatment, and appropriate resource allocation for prevention and treatment.
Classifying obesity as a disease would decrease the perception of patient responsibility for manag ing weight. It also could bring together partnerships of the private and public sectors, pooling resources for cost effective preventative and curative medical care for managing risk factors for CVD and T2D, rather than spending vast amounts of funds to treat the end stage complications associated with obesity. Weight reduction facilitates decreasing several important independent cardiometabolic risk factors, and thus has a major impact on decreasing CVD, 41 whereas spending efforts and resources to treat individual risk factors separately is expensive and has lesser impact on reducing overall CVD.
Obesity, the most rapidly spreading disease in the US
Over the past 3 decades, obesity and associated diseases have rapidly increased in North America and worldwide. 42, 43 Among men in the US, obesity increased significantly from 27.5% to 31 42 and extreme obesity (BMI . 40) was observed in 2.8% of men and 6.9% of women.
Racial differences in obesity prevalence have also been noted; 43 for example, 30% of non-Hispanic white adults are considered obese, compared to 45% of non-Hispanic blacks and 36.8% of Hispanic adults. The prevalence of overweight female children and adolescents increased from 13.8% in 1999-2000 to 16.0% in 2003-2004 . 43 Likewise, the prevalence of overweight male children and adolescents increased from 14.0% in 1999-2000 to 18.2% in 2003-2004 . Over the past decade, a significant increase in obesity prevalence has been reported among males aged 2 through 19 years, but not in females. In 2009-2010, the prevalence of obesity in children and adolescents was 16.9%. 44, 45 The percentage of Americans who are classified as overweight (defined as BMI $ 25 kg/m 2 ) or obese (defined as BMI $ 30 kg/m 2 ) have significantly increased (P , 0.001), from 55.9% in the third National Health and Nutrition Examination Survey, which tracked rates of over weight and obesity in the years 1984-1992, to 64.5% in a National Health and Nutrition Examination Survey analysis for 1999-2000. 11, 46, 47 The prevalence of those progress ing from overweight to obese has more than doubled over the past 4 decades; 13.4% in 1960 to 31.0% in 2000 in the US population. 48 Currently, 67% of US adults older than 20 years are overweight or obese. 44, 47, 50 These trends have major health care and socioeconomic implications because obesity and its associated metabolic derangements are directly related to increased risks for T2D, hypertension, heart disease, sleep apnea, cancer, nonalcoholic fatty liver, cholelithiasis, arthritis, and infertility; these are costly diseases to manage and are independent predictors of mortality. 42, 43, [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] This epidemic clearly requires a paradigm shift from viewing obesity not as only a simple lifestyle issue, but recognizing it as a disorder with major public health and economic concerns. This is important not only for appropriate resource allocation and cost management, but also the huge loss of productivity that is linked to comorbidities and the shortening of longevity. Some statistical projections use life expectancy at birth, which is generally used to proxy a country's health and poverty, but seems less accurate for an industrialized economy. However, the productivity parameters and absenteeism must consider the limitations of applying the statistical data results to GIVmarket (Northumberland, UK).
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Major health risks of obesity
Obesity is a serious health hazard and a major risk factor for CVD and T2D, and contributes substantially to morbidity and premature mortality. 42, 43 Simplified assessment tools, including BMI and WC thresholds, have been developed to diagnose overweight and obesity in clinical practice. However, these tools are underused, and, thus, patients are not receiving early diagnosis and interventions that are needed to reduce their health risks. Public awareness of the health risks associated with overweight and obesity should be heightened so that healthy weight management garners the attention it deserves in mainstream medical care.
More than 40% of children born in the new millennium in the US are predicted to become obese during their lifetimes. 9, 47, 63 Therefore, unless corrective actions are taken now, the prevalence is likely to increase in the years to come. 10, [64] [65] [66] Because obesity develops over several years, many children and adults do not realize the issue of becoming overweight until symptoms appear. 67 Some of these signs and symptoms, at least initially, can be subtle, but others can be obvious, including abnormal weight gain and hunger, nutritional deficiencies, abnormal eating habits, constant fatigue, respiratory and digestive issues, sleep apnea, decreased mobility due to osteoarthritis (joint and back pain), and signs and symptoms of T2D.
If unrecognized or unattended, many of these patients eventually will experience complications, including tooth decay and gum disease, frequent infections (particularly in the skin), sleep disorders, and lung and urinary tract disorders. Others will experience ominous micro-and macrovascular complications secondary to insulin resistance and T2D, including nephropathy, retinopathy, peripheral and autonomic neuropathy, and premature death mostly attributable to cardiovascular and cerebrovascular disorders.
Despite wide publicity and ongoing research, it is difficult to pinpoint the exact causative factor(s) for the current pandemic, which continues to threaten many lives across the world. Although some believe that the recent epidemic of obesity is due to an unknown new factor or epigenetic variant, the prevailing data suggest it is a mostly due to a combination of two key issues: (1) unhealthful eating habits and consumption of calorie-dense diets; and (2) inadequate physical activity. However, obesity is not the only reason people have T2D, and not all individuals with obesity have T2D, and not every patient with T2D is obese; for example, those with lipodystrophy, a condition with near absence of fatty tissue, can have T2D.
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Pathophysiology of obesity
It has been hypothesized that a growing fetus exposed to poor maternal nutrition or placental dysfunction is capable of adapting to maximize its future survival. [70] [71] [72] Such adaptation of metabolic programming includes the proliferation of fat cells to enhance future fat storage of nutrients and to face potential adverse environmental conditions in later life. This survival programming established in utero is thought to enable humans to survive during future episodes of famines and malnutrition. 73 However, in the presence of plentiful food availability and less physical activity, these epigenetic changes and the evolutionary survival advantage could lead to excessive fat storage, and the development of obesity and the consequent T2D. Thus, when a person continues consuming excess calories in the presence of less physical activity, obesity and insulin resistance is likely to develop, which may then predispose obese patients to develop T2D. Some have the capacity to develop adaptive-thermogenesis, which prevent them gaining weight with increased caloric intake. Those who do not have such compensatory ability are likely to gain weight following excess energy intake. 73 However, it seems that the incidence of these aliments is higher in those who were exposed to intra uterine malnutrition than in those who were not affected. 74 This thrifty phenotype hypothesis also suggests that in the event of under nutrition, the brain is spared at the expense of other tissues, including the endocrine pancreas. 73, [75] [76] [77] Data also suggest that poor in utero growth correlates with the increased risk of T2D in adulthood. 77, 78 Low-birth-weight children not only have significantly lower levels of serum adeponectin levels, 79 but also such gestations have been linked to the increased risk of metabolic syndrome in later life. 80, 81 Moreover, the rapid weight gain during the first 3months after birth, perhaps via increasing fat cell numbers, may also be associated with higher prevalence of metabolic syndrome in later life. 82, 83 Therefore, the risks associated with genetics, development, and environment in particualr secondary to toxins, all can precipitate or exacerbate cardiometabolic risk in later life.
It is hypothesized that, in the presence of maternal protein restriction, there would be a lesser number of pancreatic beta cells and smaller islets in the offspring, and thus lower amounts of insulin secretion and thus, impaired function of pancreatic beta cells in response to glucose and amino acid loads. It has also been postulated that this insulin resistance observed in the offspring of those mothers with low protein intake may be related to postreceptor defects. 84 Irrespective of the underlying pathology, the inability of the pancreas to secrete appropriate amounts of insulin in response to a meal leads to hyperglycemia, hyperlipidemia, and metabolic and biochemical abnormalities. Consequently, the body is unable to process glucose and fatty acids appropriately to generate energy and handle other nutrients physiologically that lead to glucotoxicity and lipotoxicity. 85, 86 The development of T2D is insidious; however the development of macro vascular complications starts before the diagnostic clinical manifestation of hyperglycemia. 87, 88 In addition to the development of insulin resistance, glucotoxicity and lipotoxicity continue to damage beta cells and thus further reduce insulin production. 89 The inability of tissues to use insulin efficiently hampers the conversion of glucose into energy and the entry of fatty acids into to muscle cells. Consequently, a vicious cycle of hyperglycemia and hyperlipidemia develops, leading to glucotoxicity, lipotoxicity, and abnormal lipid metabolism and an accumulation of visceral fat and excess lipids in the arterial walls that tend to get oxidized leading to atheroma formation. 90 The presence of abdominal obesity and metabolic syndrome worsen the outcomes of T2D, including a markedly increased risk of CVD deaths and stroke. 91 
The role of fat cells and inflammation in obesity and CVD
The human body has limited capacity to generate new fat cells. A 70 kg person is thought to have between 35 and 50 billion fat cells distributed between subcutaneous tissues and in the abdominal cavity. Thus, as a person becomes overweight and T2D manifests, the ingested excess energy will be stored as fat in the existing fat cells by becoming hypertrophic. However, once fat cells exceed their capacity to intake circulating lipids, they will be enhance secreting a variety of inflammatory cytokins and, eventually engulfed by macrophages. Consequently, fat begin to deposit in extracellular tissues, such as muscle and liver, and in the vasuclar walls, starting a inflammatory vicious cycle. Hyperlipidemia and insulin resistance would further aggravate, and the development of atherosclerosis and associated complications manifest.
Hypertrophied fat cells, particularly in intra-abdominal visceral fat cells, produce increasing amounts of a number of chemicals and cytokines that cause systemic inflammation. Moreover, these cytokines drain directly into the liver via the portal vein, thus exposing the liver to high levels of inflammatory agents. These potent inflammatory signals increase the hepatic production of C-reactive protein, interleukins, and tumor necrosis factor alpha (TNF-α), elevated levels are a common findings in obese patients. 92 Excess circulatory fats not only accumulate in the visceral fat cells, but also in the liver, leading to steatohepatitis and nonalcoholic fatty liver disease, which precedes the development of cirrhosis. Excess fatty acids further aggravate insulin resistance and abnormalities in other tissues, including the development of fatty streaks and formation of atheromatus plaques in the arterial walls.
Meanwhile, fat infiltration in muscle and liver cells further increase insulin resistance and deranges intra-cellular metabolism. Among others, epigenetic changes and the glucotoxicity continues to damage endothelial cells and pancreatic beta cells, which is exacerbated by the ongoing chronic inflammation (eg, insulitis) and amyloid deposits in the pancreas, leading to further reduction in insulin production and release, thereby worsening insulin resistance and diabetes.
In evolutionary terms, humans are designed to have proinflammatory cytokines as natural defensive responses to combat infections. However, in an individual with obesity and/or diabetes, because of the continued and enhanced inflammatory responses triggered by these cytokines and their effects on key organs including the liver, a serious negative cycle is established. Overburdened intra-abdominal fat cells act as a continual source of generalized chronic inflammation. Inflammation continues secondary to the constant release of inflammatory cytokines and the suppression of anti-inflammatory cytokines from hypertrophied fat cells that are directly drained into the liver. 92 This is detrimental to hepatocytes and overall health, and is a key factor of CVD, hepatic steatosis, and premature death.
Fat, energy, and survival
Stored fat is designed to release energy to cover the day-to-day energy requirements and, more importantly, allow humans to survive in the event of food scarcity and starvation. In obese patients, the accumulation of visceral fat and the increase of insulin resistance, and the consequent development of T2D, causes the opposite of survival. Metabolic paths are designed to take up excess fat when humans have abundant food and release these fats as a source of energy when food is scarce: a key evolutionary survival mechanism. However, major lifestyle changes over the past 4 decades, especially in industrialized countries with easy access to energy-dense, unhealthy food, including fast food and sugary soft drinks, together with less physical activity, contributing to this maladaptation of energy metabolism and pathological energy storage. Most fast food, processed and packaged food also contain unhealthy fats (trans fat and saturated fat), cane-and corn-syrup-enriched sugars, excess salt, and chemical preservatives that are harmful, and alter human physiology into a pathological processes.
Frequent intake of high glycemic and lipemic, energydense, cheaper food leads to rapid absorption of sugar and fatty acids, exaggerated surges of insulin, and rapid absorption and release of excess fatty acids into the circulation. However, the human body and its physiological mechanisms are not designed to handle these rapid influxes of sugar and fatty acids and the peaking of insulin within short periods. Thus, in this pathological situation, energy sources are not directed to muscle cells for metabolism but are driven into liver and fat cells, especially into visceral fat cells.
In addition to these negative dietary consequences, lifestyle changes attributable to convenience and ease of transportation have further decreased physical activity in recent years. Taken together, for an average person who is working at a desk job, the large portion sizes (particularly with reference to foods with high salt, fat, and/or sugar content) and large-size high-caloric beverages, and moving away from healthful, traditional, nutrient-rich diets that contain a balance of minerals, micronutrients, vitamins, and fiber, contribute to the current obesity epidemic.
Defining obesity and decreasing the CVD risks in clinical practice
From a physiologic standpoint, obesity is the result of an imbalance between energy intake and energy expenditure. The increase in body weight associated with overconsumption of food and less physical activity occurs mainly in the form of fat, and to a lesser extent, lean mass. Moreover, the components of the energy balance are also influenced by social, cultural, and behavioral factors.
The health risks associated with obesity also depend on the distribution of body fat. Although the accumulation of visceral body fat is harmful and contributes substantially to morbidity and premature mortality, subcutaneous fat may not be. Consequently, assessment tools that have been developed to diagnose overweight and obesity in clinical practice, like BMI, may not capture those with predominant abdominal obesity, but measurements such as WC or waist-to-hip ratio would. Nevertheless, the combination of these two easily implemented tools may be better than individual measures in identifying those who are at risk of developing complications. In spite of this, these simple tools are underused, thus patients do not receive early diagnosis and intervention, and this delays the preventative measures needed to reduce their future health risks.
Measurements of the WC and waist/hip ratio are simple and easy methods and useful markers by which to identify those who are at a higher risk. WC is measured just above the pelvis with the tape measure kept parallel to the ground, excluding the pannus. Because the measurement also encompasses visceral body fat, it is a better predictor of insulin resistance, as well as morbidity and mortality, independent of BMI. [93] [94] [95] In fact, WC can identify those who are at a high risk of T2D, which is independent of BMI and other common cardiovascular risk factors. 95 Another simple measure is the waist-to-height ratio; keeping the WC less than half of the height. Phenotypes with excess intra-abdominal fat are referred to as the hypertriglyceridemic waist. 96 Moreover, the quantity of visceral fat explains the positive association between the visceral fat (thus, WC) and morbidity. 24 The International Diabetes Federation 73 modified criteria for the clinical diagnosis of metabolic syndrome include having (1) insulin resistance; (2) WC $94 cm in men and $80 cm in women (Caucasians, Europids, sub-Saharan Africans, and Middle Easterners) and a WC $85 cm in men or $78 cm in women (Asians, including Japanese, and South and Central Americans [ Table 1 ]); and (3) having any two of the following: fasting triglycerides $150 mg/dL; HDL cholesterol ,40 mg/dL in men or ,50 mg/dL in women; systolic blood pressure $130 mmHg or diastolic $85 mmHg; fasting blood sugar $100 mg/dL; or having diabetes.
The importance of body fat distribution
Excess accumulation of visceral body fat bestows cardiometabolic risks. The amount of body fat itself is a risk factor, but the distribution of body fat, particularly visceral fat, is a better measure of CVD risks. 33 Because BMI does not capture A person with excess fat in peripheral tissues (accumulation of subcutaneous fat) may have normal blood pressure, blood glucose, and lipid panel, whereas a person with central obesity is likely to present with impaired glucose tol erance, hypertension, dyslipidemia, insulin resistance, and premature coronary artery dis ease; these are key variations that would lead to markedly different health outcomes. These differences are mostly attributable to the distribution and the differential pathophysiological responses of the body fat, but also and to a lesser degree, to their personal habits. Adipose tissue in the upper versus lower part of the body has different metabolic prop erties. The upper body adipocyte is typi cally resistant to the antilipolytic effects of insulin and sensitive to the lipolytic effects of epinephrine, whereas the lower body fat cell tends to be more sensi tive to insulin and relatively resistant to epinephrine.
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The value of measuring WC The ability of BMI to predict the risk of CVD or mortality risk is inconsistent. While in Caucasians, BMI is a reasonable measurement to identify potential health risks, additional measurements are needed in other ethnic groups, including Asians, as BMI is not a good predictor of the CVD risk or mortality. 99, 100 Abdominal obesity, as measured by WC, waist-to-height ratio, or waist-to-hip ratio, reflects increased health risks and disability, 101, 102 and are more accurately than does BMI alone, and is a stronger indicator of obesity-related CVD risks. [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] Consequently, these simple measures should be adapted as clinical components in the routine assessment and management of metabolic and cardiovascular risks. 96, 103, [106] [107] [108] There are several expensive, glamorous, high-tech tests available to identify those who are at risk of CVD, including computerized tomography or magnetic resonance imaging based quantification of visceral fat, subfractionation of serum lipids, coronary calcification scores via multislice computed tomography, and so forth; but none of these options are cost effective. Despite the sophistication and high cost of these methods, they are at best only marginally better than the information generated from measuring the abdominal girth at baseline and monitoring it longitudinally. In fact, for most patients, visceral adiposity as determined by increased abdominal girth indicates their poor health status and potential negative future outcomes. 108 The gradual decrease of abdominal girth, rather than focusing on weight loss alone, should be used to positively reinforce obese patients in their attempts to lose weight, particularly with Asian patients. It should be measured in all patients, using a tape measure across the abdomen using the same reference point, and documented at each visit. With reference to future CVD outcomes, abdominal girth measurements are more sensitive than calculated BMI, particularly in South Asians. 106, [110] [111] [112] Compared to those with peripheral obesity, those with abdominal obesity with excess visceral adiposity have a higher prevalence of atherogenic dyslipidemia, inflammation, insulin resistance, and coronary artery disease. Thus, regardless of sex, simple measurements of abdominal girth, blood pressure, and a basic serum lipid profile seem to be the most cost effective way to identify those who are at a higher risk of metabolic syndrome, insulin resistance, and CVD.
Epidemiologic studies have suggested that the standard established with WC in both men and women for white Caucasians cannot be applied to other ethnic groups, in particular in Asians (Table 1) . 103, 110 An isolated increase of fasting triglyceride levels in the absence of increased WCs are relatively benign and may correlates with the amount of subcutaneous fat; thus, requirement and the approach for therapy is likely to be different from those with abdominal obesity. Such patients may not have poor prognostic genotype, compared to patients with central adiposity, especially if they are physically active and have a rather healthy diet and lifestyle. They are also more insulin-sensitive than patients with visceral obesity. On the other hand, for those with increased WC, even if the BMI is within the normal range, hypertriglyceridemia indicates as an important risk factor for insulin resistance, T2D, a high incidence of coronary artery disease and premature death.
A number of metabolic studies have confirmed that among equally obese patients, subjects with excess visceral adiposity have the highest metabolic risks, 112, 113 including insulin resistance and compensatory hyperinsulinemia. In those who are genetically susceptible, this condition favors more fat diversions to the visceral fat cells, leading to chronic and sustained inflammation and the development of glucose intolerance, insulin resistance, and T2D. 114 In Caucasians, Latinos, and African-Americans, the use of BMI is an easy and reliable guide for assessing obesity and predicting the probability of future ill health. Asians in particular have a relative lack of subcutaneous fat with a tendency to develop excess visceral abnormal adipose tissue phenotype, low HDL, and high triglycerides. Thus, BMI by itself is a poor indicator of CVD risk, and is not applicable to most Asians, and the use of WC or the waist-to-hip ratio is better in identifying those who are at risk. In Asians, insulin resistance and metabolic syndrome can be demonstrated with a BMI of as little as 23, thus the abdominal girth is more sensitive in identifying those with insulin resistance and the metabolic syndrome. In Asians, abdominal girths of more than 34 inches (85 cm) in women and 36 inches (90 cm) in men (Table 1) are highly likely to be associated with insulin resistance and metabolic syndrome, regardless of BMI.
Cardiometabolic risks associated with obesity
The visceral fat contents are positively correlated with the cardiometabolic risks and leading to the development of CVD. Cardiometabolic risks are clustered in patients with obesity and T2D, and these diseases are interlinked. They are associated with the common phenomenon of increased risk of coronary disease, cardiovascular events, stroke, and premature death. Both are intertwined with the features of metabolic syndrome: insulin resistance, increased WC, elevated serum triglyceride concentrations, low levels of HDL cholesterol, high levels of small dense LDL, high blood pressure, and high levels of fasting glucose. These confer additional excess risks beyond the classic risk factors, such as low levels of HDL cholesterol, high non-HDL cholesterol, smoking, and hypertension, which physicians are quite familiar with treating.
Controlling cardiometabolic risk by addressing hypertension, dyslipidemia, and T2D is important, but these can be more effectively addressed as a cluster by focusing on weight reduction. Such approach to treating people with abdominal obesity -those who are obese and sick -would lead to decreases in all risk factors, and minimiz all adverse outcomes in patients with obesity and T2D. Thus, clinicians who treat patients for cardiovascular complications must be mindful of the inherent metabolic risks, including insulin resistance, as precursors to T2D in obese patients with excess visceral adiposity. Similarly, health care workers who treat obese patients and patients with T2D should attempt to normalize their patients' weight, and screen their patients for CVD risk factors with the view of decreasing long-term negative consequences.
Visceral adiposity and cardiometabolic risk
In addition to being less productive and being frequently absent from work, obese patients consume more health care resources. However, not all patients with obesity develop metabolic syndrome or its complications. In fact, some obese patients do not have a higher risk of CVD and may never develop associated potential complications, whereas others have greater incidences of T2D, dyslipidemia, hypertension, insulin resistance, strokes, and coronary artery disease. [51] [52] [53] 115 This heterogeneity of obesity is attributable in part to genetic inheritance and to the pattern of distribution of fat within the body, in particular to the compartmentalization of fat in the subcutaneous tissues versus the intra-abdominal area. The key is to identify those who are at high risk and provide better preventative and curative care for them.
The accumulation of excessive visceral fat leads to insulin resistance and abnormal lipid metabolism, leading to dyslipidemia, including hypertriglyceridemia, low HDL cholesterol, and elevated apolipoprotein B, increased levels of remnants of triglyceride rich lipoproteins, and a shift in the distribution of LDL into smaller more dense particles, even in the absence of hyperglycemia or glucose intolerance. 26, 116 In addition to the dyslipidemia and insulin resistance, patients with visceral obesity also have other metabolic abnormalities, including endothelial dysfunction, chronic inflammation impaired fibrinolysis, and coagulation abnormalities that lead to an increased tendency to thrombosis. 52, 117, 118 In addition, visceral obesity and hyperinsulinemia are often associated with elevated apolipoprotein B and small atherogenic non-HDL particles in circulation (lipoproteins that are markers of increased atherogenic potentials) and are at a higher risk of CVD. 119 People with such characteristics are likely to have a more than 10-fold higher risk for CVD with increased likelihood of premature death, regardless of age or sex. Therefore, in addition to minimizing risk factors, it is necessary to develop more refined and sensitive, but affordable and easily measurable, biochemical markers to identify those who are at risk at an earlier stage of this disease process, enabling reversal of this negative vicious cycle.
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Visceral obesity and metabolic syndrome
Excess visceral adipose tissue is associated with insulin resistance and metabolic abnormalities that increase the risk of T2D and CVD. 120 However, whether the visceral adipose tissues and chemicals released from these fat cells are causally involved in the metabolic abnormalities found in obese patients is not clear. Bypassing the stomach and duodenum via bariatric surgery can significantly ameliorate T2D and metabolic syndrome in many patients, so it may not be simply the abdominal fat per se that causes these multiple metabolic abnormalities. [121] [122] [123] Current data suggest that this is a complex process that involves an imbalance of chemicals and hormones released from the enteric, cerebral, and neurointestinal systems. Visceral adipose tissue is hyperlipolytic and is more resistant to the antilipolytic effect of insulin than is subcutaneous fat. 124 The venous blood from the omental fat in the abdomen drains directly into the liver via the portal vein, thus exposing the liver to high concentrations of free fatty acids and inflammatory cytokines, major contributors for the generation of hepatic inflammation and C-reactive protein, fatty liver, and steatohepatitis of nonalcoholic fatty liver disease. This vicious negative cycle further impairs liver function, increases hepatic glucose production and overproduction of apolipoprotein B containing triglyceride rich lipoproteins, and impairs hepatic uptake of insulin, which exacerbates hyperinsulinemia and increases gluconeogenesis. 125 This metabolic derangement leads to hyperinsulinemia, hyperglycemia, hypertriglyceridemia, and increased apolipoprotein B, which are hallmarks of patients with visceral obesity.
Visceral adipose tissue should be considered as an endocrine organ and is a key site of production of inflammatory cytokines when over-burdened fat cells and macropharge cells are activated by a pathological system. 126 These include interleukin 6 and TNF-β. The circulatory protective cytokine, adiponectin, mostly comes from peripheral fat tissues 127, 128 and its production is inversely related to the content of visceral fat. Nevertheless, the hyperlipolytic state of visceral fat alone cannot explain all metabolic abnormalities observed in viscerally obese patients. 129 Higher levels of circulatory CRP also are known to be associated with inflammation. In fact, high circulatory CRP levels are associated with increased WC and the accumulation of visceral adipose tissue, 52 an indicator of chronic inflammation. Multivariate analyses have demonstrated that WC is by far the best predictor of individual differences in CRP concentrations. 130 These high correlations seem to be attributable to the enhanced production of inflammatory cytokines derived from visceral fat cells. 131 Macrophages are known to infiltrate adipose tissues, including the vascular walls and visceral fat tissues. 132 In addition to the overloaded visceral fat cells, these infiltrating, activated macrophages themselves are a major source of the generation of inflammatory cyto kines, including TNF-α and interleukin 6, which further exacerbate metabolic abnormalities. [133] [134] [135] [136] Either too little or too high estrogen levels in both sexes can cause not only a multitude of metabolic abnormalities but also cancers. Estrogen at appropriate physiological levels has a protective role in energy conservation and body fat distribution. Consequently, postmenopausal women with the cessation ovarian functions, not only the incidence of certain cancers increase, but also accumulate greater percentage amounts of visceral fat than younger women with increases in weight, especially during the early postmenopausal period. 137 This is further supported by the evidence that menopause disproportionately enhances the accumulation of visceral fat.
138,142
Practical aspects of losing weight
Behavioral modifications and lifestyle changes are essential for the successful induction of weight loss, maintenance of weight at the desired level, and eliminating excess future CVD risks. All obese and overweight patients should be educated about the risks of excess weight, and individuals should be encouraged to select a diet that contains low in saturated fat and refined carbohydrates that he or she can afford and adhere to for the long term. For example, a balanced, fiber-rich diet that contains less than 25% fat, about 20% to 25% protein, and 50% to 55% complex carbohydrates seems to help most patients to lose weight and to maintain a healthy weight.
Motivation to lose weight is exceptionally important for long-term success. In this regard, frequent self-monitoring with weighing twice a month, feedback, and family, peer, and group support are important, especially for the weight main-
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tenance, weight once excess pounds have been shed. This is true, whether the weight loss is achieved via diet and physical activity, using weight loss medications or bariatiric surgery.
In addition to engaging in weight-bearing physical activities, having healthy breakfasts and a relatively light evening meal seem to help to control hunger and maintain euglycemia and weight loss. Figure 1 illustrates the pyramid of obesity management. As per the current guidelines: (1) medications are indicated for less than 10% of all obese patients; and (2) bariatric surgery for less than 5%. Thus, the vast majority of overweight and obese patients can be managed well with motivation, education, and lifestyle changes (diet and exercise).
Regular, higher levels of physical activity are useful for the maintenance of weight loss. The average energy expenditure from normal day-to-day physical activity is about 2800 kcal/ week, which corresponds to about 45 to 60 minutes of moderate-intensity physical activity each day. Fast walking is the easiest and most convenient, safe, and cost effective form of physical activity. During the normal routine workday or by using a walking exercise regimen, one should aim to walk between 8000 and 12,000 steps per day. Increasing the workand leisure-related physical activity to improve the overall physical well-being is becoming more important with modernization of our lifestyles. 103 Limiting sedentary activities, in particular watching television or working with computers, would also help maintain weight loss that has been achieved.
Conclusion
A variety of evidence suggests that intra-abdominal fat deposits significantly correlate with metabolic abnormalities observed in overweight and obese patients; [140] [141] [142] thus, identifying and reducing visceral fat content in such patients can decrease their future CVD risk. It is also possible that, in addition to playing a causal role in the pathophysiology of insulin resistance and metabolic syndrome, excess visceral adipose tissue also represents a marker of chronic inflammation, and an inherent dysfunctional fat metabolism by which excess energy is unable to be stored as subcutaneous fat. 143 These abnormalities would exacerbate oxidative stress, hypertri glyceridemia, inflammation, and atherogenesis and further increase the accumulation of hepatic and visceral fat.
Nevertheless, many do not seem to grasp the gravity of the nationwide increased incidence of obesity and T2D, which are reaching pandemic proportions in North America. In addition to heightening the public awareness of the health risks associated with overweight and obesity, health care workers need to emphasize individualized healthy weightmanagement tips, healthy eating, physical activities, and the mainstream medical care to gain the attention of politicians and the public.
Compared to the use of WC and the waist-to-hip ratio, BMI has limitations, especially among Asians, in determining those who are at risk of insulin resistance and metabolic syndrome. The use of changes in WC seem to be the most cost effective predictor of changing visceral adipose tissues, metabolic syndrome, and the future development of CVD. Deposition of visceral fat as measured with increasing abdominal girth provides useful and important information of visceral fat accumulation and increased risk of CVD. Accumulation of excess visceral body fat, rather than subcutaneous fat, is the main correlate of metabolic abnormalities of obesity and one of the best predictors of future CVD.
More than one-third of adults and 18% of all teens and adolescents in the US are obese, making obesity one of the greatest public health issues in North America. Obesity is associated with multiple comorbidities, and can also be the cause of other diseases such as cancer. In addition, obesity enhances the severity of sleep apnea, hypertension, and dyslipidemia, which further increases cardiovascular risk. Thus, at every patient encounter, clinicians should encourage their patients to engage in healthful lifestyle changes in terms of improving diet and physical activities.
Several medications to assist in weight reduction have been approved, and others are in development. Nevertheless, all these drugs have significant adverse effects. Thus, clinicians must be vigilant in discussing pros and cons as well as warning signs of toxicity of these weight loss medications with their patients. Invasive surgical options, albeit effective, are costly and associated with some morbidity. They should be reserved for the markedly obese patients and those who are obese with severe comorbidities (ie, obsese and not fit) who cannot or failed to reduce their weight through other means. With the range of surgical and pharmacological options available to patients, prescribing clinicians must have a good understanding of not only the efficacy, but more importantly the adverse effects of these therapeutic options and when to refer such patients, so that their patients would receive the best options and cost effective treatments.
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